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(54) SOLAR CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To dissolve the problems of a cell such as 
the increase in resistance loss, which is generated with an increase in 
the area of a cell, such as a warpage of the cell, a crack in the cell or 
separation of electrodes which is generated by the thick formation of a 
copper foil on a busbar part, which is a countermeasure against the 
augmentation in the resistance loss. 

SOLUTION: This solar cell has a substrate, wherein a front electrode 5 

consisting of a busbar part and a finger part is formed on the side of the B n 

main surface on one side of the main surfaces of a semiconductor S^^ I^ ^^^^^ t) ffiSf l^!^ 

substrate 1 having a semiconductor joint, a plurality of solar cell * > ^ ^y^y a^a- ^ 

elements formed with a rear electrode 7 are provided on the side of the 

other main surface of the substrate 1 and the electrode 7 of the 

plurality of these solar cell elements and the electrode 5 are connected 

with other through a lead wire 9. In this case, the electrode 5 is provided 

on the busbar part by bonding a copper foil to the busbar part, and the 

lead wire 9 is connected with the electrode 5 from the middle part of the 

electrode 5 in the lengthwise direction of the copper foil. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface electrode which changes from the bus bar section and the finger section to the 1 
principal-plane side of the semi-conductor substrate which has semiconductor junction is formed. In the solar- 
battery equipment which prepared two or more solar battery elements in which the rear-face electrode was 
formed, and connected two or more of these surface electrodes and rear-face electrodes of a solar battery 
element to other principal plane side with lead wire Solar-battery equipment characterized by having joined and 
prepared copper foil in the bus bar section of said surface electrode, and connecting said lead wire to this 
copper foil from a part middle [ in that die-length direction ]. 

[Claim 2] Solar-battery equipment according to claim 1 characterized by joining said copper foil to the bus bar 
section of said surface electrode by two or more places. 

[Claim 3] Solar-battery equipment according to claim 1 or 2 characterized by connecting by joining said lead 
wire to said copper foil by two or more places. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solar-battery equipment to which two or more solar battery 

elements were especially connected by lead wire about solar-battery equipment. 

[0002] 

[Description of the Prior Art] Conventional solar-battery equipment is shown in drawing 4 . For 11, as for a 
surface electrode and 16 (16a), a silicon substrate and 15 (15a) are [ a rear-face electrode and 18 ] lead wire 
among drawing 4 . The N type field 12 and the P type field 13 are in a silicon substrate 1 1. A surface electrode 
15 (15a) is formed in the front face of the N type field 12, and the rear-face electrode 16 (16a) is formed in the 
front face of the P type field 13. This surface electrode 15 consists of bus bar section 15a for lead-wire 
connection, and finger section 15b for current collection. Moreover, the reai — face electrode 16 also consists of 
bus bar section 1 6a and the finger section (un-illustrating). In order to make resistance loss small, copper foil is 
made with the pewter bus bar section 1 6a of the rear-face electrode 1 6. 

[0003] It consists of copper foil etc. and, on the other hand, an edge is arranged covering the abbreviation 
overall length on a surface electrode 15, by joining two or more of the places to a surface electrode 15, it 
connects with a surface electrode 1 5, an another side edge is soldered to the edge of bus bar section 1 6a of the 
rear-face electrode 16 through copper foil 17, and the lead wire 18 for connecting two or more solar battery 
elements is connected to the rear-face electrode 1 6. 
[0004] 

[Problem(s) to be Solved by the Invention] With this conventional solar-battery equipment, there was a problem 
that a generating current increases, bus bar section 15a of a surface electrode 15 became long, therefore 
resistance loss increased with increase-izing of the eel area of a solar battery element, and conversion 
efficiency fell. 

[0005] Although what is necessary is just to make the cross section of the lead wire 18 of surface electrode 15 
part, or the copper foil 17 of rear-face electrode 16 part increase in order to prevent decline in conversion 
efficiency, the lead wire 18 of surface electrode 15 part must thicken the thickness, and must make the cross 
section increase, in order to make it not decrease light-receiving area. 

[0006] However, when lead wire 18 became thick and this lead wire 18 was welded [ 15 ] by the hot air or 
pewter **, this hot air or heat of pewter ** could not be easily transmitted even to the pewter of surface 
electrode 15 part, joining of a surface electrode 15 and lead wire 18 took time amount, and there was a problem 
that the elongation by the thermal expansion of lead wire 18 became large. Where lead wire 18 is extended, when 
it was joined to the surface electrode 15 and lead wire 18 was shrunken, compressive stress was impressed to 
the silicon substrate 11, big curvature occurred in the silicon substrate 1 1, a eel crack, electrode peeling, etc. 
were induced, and there was a problem that the manufacture yield fell. 

[0007] This invention aims at offering the solar-battery equipment which solved problems, such as curvature of 
the eel generated by thickening increase of the resistance loss which it was made such conventionally in view of 
the trouble of equipment, and is generated with increase of ** and eel area, and the copper foil of the bus bar 
section which is the opposite measure, a eel crack, or electrode peeling. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in invention concerning claim 1 
The surface electrode which changes from the bus bar section and the finger section to the 1 principal-plane 
side of the semi-conductor substrate which has semiconductor junction is formed. In the solar-battery 
equipment which prepared two or more solar battery elements in which the rear-face electrode was formed, and 
connected two or more of these surface electrodes and rear-face electrodes of a solar battery element to other 
principal plane side with lead wire Said surface electrode is joined to the bus bar section, copper foil is prepared, 
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and middle [ in that die-length direction ], said lead wire is connected to this copper foil from a part. 
[0009] It is desirable to join said copper foil to the bus bar section of said surface electrode in the above- 
mentioned invention at two or more places. 

[0010] Moreover, it is desirable to connect by joining said lead wire to said copper foil by two or more places. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt of invention concerning claim 1 thru/or claim 3 is 
explained to a detail based on an accompanying drawing. Drawing 1 is the sectional view and flat surface which 
show 1 operation gestalt of invention concerning claim 1 thru/or claim 3, and, for 1, as for a surface electrode 
and 7, a semi-conductor substrate and 5 are [ a rear-face electrode and 9 ] lead wire. 
[0012] The semi-conductor substrate 1 consists of single crystal silicon, polycrystalline silicon, etc. with a 
thickness of about 0.3mm. In this semi-conductor substrate 1, there are an N type field 2 and a P type field 3, 
and semiconductor junction 4 is formed in the interface part of the N type field 2 and the P type field 3. This N 
type field 2 is formed in the thickness of about 0.3-0.4 micrometers by making the surface section of the whole 
silicon substrate 1 diffuse the Lynn atom, and removing the diffusion layer of a lateral portion and a bottom 
surface part after that by arranging the silicon substrate 1 of P type all over a diffusion furnace, and heating in 
phosphorus oxychloride (POCI3). In addition, this semi-conductor substrate 1 may be formed by single crystal 
gallium arsenide etc. 

[0013] The surface electrode 5 is formed in the surface part of the N type field 2. This surface electrode 5 
consists of finger section 5b which intersected bus bar section 5a for connecting lead wire 9, and this bus bar 
section 5a, and was formed by branching. Bus bar section 5a is formed in 2 parallel covering the abbreviation 
overall length of a substrate 1, finger section 5b intersects bus bar section 5b, and the a large number book is 
formed covering the abbreviation overall length of a substrate 1 . Bus bar section 5a is formed in width of face of 
about 2mm, and finger section 5b is formed in width of face of about 0.2mm. Such a surface electrode 5 screen- 
stencils the paste which consists of a glass frit, a binder, a solvent, etc., can be burned at the temperature of 
about 700-800 degrees C, and is formed by covering the whole with a pewter layer for example, in the end of 
silver dust. 

[0014] Copper foil 6 is stuck on this surface electrode 5 (5a). This copper foil 6 is formed in order to enlarge the 
cross section of a surface electrode 5 (5a) and to lower the electric resistance of a surface electrode 5, and it is 
formed in width of face of about 2mm, and the thickness of about 0.16mm. Such copper foil 6 is joined by five 
points at equal intervals on a surface electrode 5. Thus, if a surface electrode 5 and copper foil 6 are joined only 
by two or more places, even if the die length of copper foil 6 changes with temperature changes, copper foil 6 
will not cut or curvature will not be produced in a substrate 1. 

[0015] Although not illustrated, the a nti reflection film which consists, for example of a silicon nitride film etc. is 
formed in the front-face side of a substrate 1. Such an antireflection film is formed for example, by a plasma- 
CVD method etc. 

[0016] The rear-face electrode 7 is formed in the rear-face side of a substrate 1. This rear-face electrode 7 
also consists of the finger section (un-illustrating) by which intersects bus bar section 7a for connecting lead 
wire 9, and this bus bar section 7a, and a large number book formation is carried out by branching. Bus bar 
section 7a is formed in 2 parallel covering the abbreviation overall length of a substrate 1, the finger section 
intersects bus bar section 7a, and the a large number book is formed covering the abbreviation overall length of 
a substrate 1. Bus bar section 7a is formed in width of face of about 5mm, and the finger section is formed in 
width of face of about 0.5mm. Since the rear-face side of a substrate 1 does not need to take reduction of light- 
receiving area into consideration, it can be formed more broadly than bus bar section 5a of a surface electrode 
5, and can reduce the resistance loss by the side of the rear-face electrode 7. Such a rear-face electrode 7 
screen-stencils the paste which consists of a glass frit, a binder, a solvent, etc., can be burned, and is formed by 
covering with a pewter layer for example, in the end of silver dust. In addition, the rear-face electrode 7 may be 
formed all over the rear-face side of not only when it crosses and prepares bus bar section 7a and finger 
section 7b, but the substrate 1 . 

[001 7] Copper foil 8 is stuck on this rear-face electrode 7. This copper foil 8 is formed in width of face of about 
5mm, and the thickness of about 0.1mm. Such copper foil 8 is joined by five points at equal intervals on bus bar 
section 7a of the rear-face electrode 7. Thus, if copper foil 8 is joined to bus bar section 7a of the rear-face 
electrode 7 only by two or more places, even if the die length of copper foil 8 changes with temperature 
changes, copper foil 8 will not cut or curvature will not be produced in a substrate 1. 

[0018] Bus bar section 5a of a surface electrode 5 and bus bar section 7a of the rear-face electrode 7 are 
connected with lead wire 9. This lead wire 9 is easy to be the same as that of the copper foil 6 stuck on a 
surface electrode 5. That is, it consists of width of face of 2mm, and about [ thickness 0.16mm ] copper foil. The 
bus bar section 5a side of the surface electrode 5 in this lead wire 9 is joined by two points, the abbreviation 
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center section in the die-length direction of bus bar section 5a, and an edge. For example, what is necessary is 
just to join two laps in all for lead wire 9 and copper foil 6 by die length of about 75mm, if it is the solar battery 
of 150mm angle. Thus, moreover, resistance loss can be reduced, without producing curvature etc. in a substrate 
1, even if a substrate 1 is enlarged to 150mm angle extent if lead wire 9 is joined by two points, the abbreviation 
center section and edge by the side of bus bar section 5a of a surface electrode 5. 

[0019] The rear-face electrode 7 side laps with copper foil 8 about 10-75mm, and joins lead wire 9 to it, for 
example. This rear-face electrode 7 side joins lead wire 9 by copper foil 8, one point, or two or more points. 
[0020] 

[Example] While forming the surface electrode 5 which changes from bus bar section 5a and finger section 5b to 
the front-face side of a substrate 1 The rear-face electrode 7 which changes from bus bar section 7a and the 
finger section also to a rear-face side is formed. The lead wire 9 which consists of copper foil with a width of 
face [ of 2mm ] and a thickness of 0.16mm is joined by five regular intervals points covering the overall length on 
bus bar section 5a of a surface electrode 5. The output characteristics of the solar battery element of structure 
and the curvature of a substrate 1 were measured covering the overall length on bus bar section 7a of a rear- 
face electrode conventionally which joined copper foil 8 with a width of face [ of 5mm ], and a thickness of 
0.1mm by five regular intervals points, and connected lead wire 9 to the edge. 

[0021] Moreover, while joining copper foil 6 with a width of face [ of 2mm ], and a thickness of 0.16mm by five 
regular intervals points on the surface electrode 5, the output characteristics of the solar battery element of 
structure and the curvature of a substrate 1 concerning invention of claim 1 which has arranged the lead wire 9 
which consists of copper foil with a width of face [ of 2mm ] and a thickness of 0.16mm from the central part of 
bus bar section 5a to the edge side, and was joined by two places, the edge near the center section of the bus 
bar section, were measured. The result is shown in Table 1. 

[0022] In addition, as shown in drawing 3 , the thing of loop structure which connected two lead wire 9 by tie rod 
9a was used for the edge of lead wire 9. Moreover, the eel property shown in Table 1 performs probe 
measurement, without attaching copper foil and lead wire to surface electrode 5 and rear-face electrode 7 part. 
[0023] 
[Table 1] 

JacdnA/ g m' ) Yoc_V_ £E_ Bfl i (%) (mm) 



-fcvl^te 30.38 0.594 0,749 13.51 

fc&mm 30.42 0,695 0.722 13.07 0.1 

■t^&ffllfcit 30.44 0.595 0.728 13.19 0.1 

[0024] If it is conventionally made the solar battery of the central fetch structure which starts like claim 1 in the 
solar battery of structure to the fall of F.F (curvilinear factor) being 3.6% (0.722/0.749) as shown in Table 1, the 
fall of F.F will be suppressed to 2.8% (0.728/0.749), and conversion efficiency will carry out improvement 0.12% 
(13.19-13.07). Moreover, the curvature of the eel of the central fetch structure of invention concerning claim 1 
is 0.1mm, and was not conventionally different from the thing of structure. 
[0025] 

[Effect of the Invention] As mentioned above, according to invention concerning claim 1 , copper foil is joined and 
prepared in the bus bar section of a surface electrode, by the increment in the cross section of an electrode 
section, since the lead wire which connects two or more solar battery elements to this copper foil from the 
abbreviation central part in that die-length direction was connected, since resistance loss decreases, F.F 
improves and output characteristics improve. Moreover, since the effect of telescopic motion by the thermal 
expansion when welding lead wire in order to wire lead wire from the abbreviation center section of the bus bar 
section serves as half in the direction of a bus bar of a substrate, the curvature of a eel becomes small. 
[0026] Moreover, according to invention concerning claim 2, since copper foil is joined to the bus bar section of 
a surface electrode by two or more places, the curvature of a substrate can be more effectively made small. 
[0027] Furthermore, according to invention concerning claim 3, since lead wire is joined to the copper foil by the 
side of a surface electrode by two or more places, the curvature of a substrate can be more effectively made 
small. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the solar battery element used for the solar-battery equipment of invention 
concerning claim 1, and (a) is a sectional view and (b) is a top view. 

[Drawing 2] It is drawing showing 1 operation gestalt of the solar-battery equipment of invention concerning 
claim 1. 

[Drawing 3] It is drawing showing the measuring method of the output characteristics of solar-battery 
equipment. 

[Drawing 4] It is drawing showing conventional solar-battery equipment, and (a) is a sectional view and (b) is a 
top view. 

[Description of Notations] 

1 [ ... A rear-face electrode, 8 / ... The copper foil by the side of a rear-face electrode 9 / ... Lead wire ] A 

substrate, 5 ... A surface electrode, 6 ... The copper foil by the side of a surface electrode, 7 



[Translation done.] 
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